The indigo-reducing, facultatively anaerobic and obligately alkaliphilic strains Bf-1 T , Bf-2 and Bf-4 were isolated from an indigo fermentation liquor used for dyeing, which uses sukumo [composted Polygonum indigo (Polygonum tinctorium Lour.) leaves] as a basic ingredient and was obtained from a craft centre in Date City, Hokkaido, Japan. Bf-1 T grew at temperatures of between 15 and 45 C with optimum growth at 33--40 C. The strain grew in the pH range of pH 8--12, with optimum growth at pH 10. The isoprenoid quinone detected was menaquinone-7 (MK-7), and the DNA G+C content was 41.7 %. The whole-cell fatty acid profile mainly (>10 %) consisted of iso-C 15 : 0 and iso-C 16 : 0 . Phylogenetically related neighbours, although demonstrating high 16S rRNA gene sequence similarity (>97.6 %) with strain Bf-1 T , exhibited less than 9 % relatedness in DNA-DNA hybridization experiments. Based on evidence from this polyphasic study, the isolates represent a novel species, for which the name Bacillus fermenti sp. nov. is proposed. The type strain of this species is Bf-1
, exhibited less than 9 % relatedness in DNA-DNA hybridization experiments. Based on evidence from this polyphasic study, the isolates represent a novel species, for which the name Bacillus fermenti sp. nov. is proposed. The type strain of this species is Bf-1 Composted indigo plant (Polygonum tinctorium Lour.), sukumo, has been used as a material for indigo fermentation. During the composting step, indican contained in the indigo leaves is transformed to indigo via indoxyl formation [1] . The sukumo is then used in the next step of liquid fermentation at high pH values (pH 10--11.3) under anaerobic conditions to solubilize indigo by utilizing the reducing capability of the micro-organisms present. Sukumo is allowed to ferment from 3 days to several weeks from the beginning of the preparation [2] . Due to the various production processes leading to unique sukumo components, the organisms that sustain indigo reduction will change depending on the materials used, maintenance procedures and fermentation periods [3] .
Due to the many possible variations of microbiota in indigo reductions and in the concomitant indigo-reducing microorganisms, various indigo-reducing bacteria have been isolated. Indigo-reducing bacteria consist of aerotolerant anaerobes such as species of the genera Alkalibacterium [4] [5] [6] and
Amphibacillus [7, 8] and facultative anaerobes such as Oceanobacillus indicireducens [9] , Fermentibacillus polygoni [10] , Polygonibacillus indicireducens [11] and Paralkalibacillus indicireducens [12] . In addition, there could be obligate anaerobes that also contribute to the indigo reduction. Although we have previously identified four novel facultatively anaerobic, indigo-reducing bacteria [9] [10] [11] [12] , there is still the possibility of isolating additional facultatively anaerobic, indigo-reducing bacteria. We attempted to isolate unknown indigo-reducing bacteria from an indigo fermentation fluid from wheat bran and/or sukumo hydrolysate-containing media. Through this study, several unknown indigo-reducing bacteria were isolated [3] .
During the previous investigation, three novel indigo-reducing, facultatively anaerobic and obligately alkaliphilic strains from an indigo fermentation liquor were isolated [13] . Phenotypic and chemotaxonomic characterization and phylogenetic data showed that the isolates merit classification as a novel species belonging to the genus Bacillus.
Indigo fermentation liquor was obtained from an indigo fermentation craft centre in Date City, Hokkaido, Japan (42 28¢ 14.977 † N 140 52¢ 31.648 † E). An aliquot of the sample (0.5 ml) was diluted 10 4 --10 5 times in series using 4.5 ml of physiological saline and inoculated into In-PYA medium (indigo carmine-peptone/yeast extract/alkaline) (pH 10) consisting of 8.0 g peptone (Kyokuto), 3.0 g yeast extract (Merck), 2.0 g indigo carmine and 15.0 g agar in 1 l NaHCO 3 /Na 2 CO 3 buffer (100 mM; pH 10) prepared using deionized water, and In-RCA medium (indigo carminereinforced clostridial agar) (pH 10). The RCA (Reinforced Clostridial Agar; Merck) contained 2.0 g indigo carmine in 1 l NaHCO 3 /Na 2 CO 3 buffer (100 mM; pH 10) prepared using deionized water. A tenfold concentrated stock of each alkaline solution, which was used in each medium, was sterilized separately and then mixed with the primary autoclaved body of each medium at 10 % in the alkaline media used in this study. The inoculated media were incubated at 27 C for 2 days under an anaerobic N 2 gas-exchange jar. Strains Bf-1 T and Bf-2 were isolated from In-PYA, while strain Bf-4 was isolated from In-RCA media as indigoreducing bacteria [13] T were grown in PYA medium containing 3 % NaCl (pH 7.5) to isolate the DNA for DNA-DNA hybridization.
For the polyphasic taxonomy studies, PYG medium (pH 10) containing 8.0 g peptone (Kyokuto), 3.0 g yeast extract (Kyokuto), 10.0 g D-glucose and 1 ml metal mixture [14] in distilled water containing 10.0 g Na 2 CO 3 (pH 10) was used as the basal medium. Each culture for testing was incubated at 30 C for 72 h, and the experiments were performed three times to confirm the reproducibility of the results. Determination of acid production from carbohydrates using API 50CH (bioM erieux) under anaerobic conditions were performed at least in duplicate at pH 10 as previously described [10] . An anaerobic condition was produced by sealing the top of the medium with mineral oil. Observation was continued for 2 weeks after the inoculation. The enzyme activity was tested by using API ZYM (bioM erieux) and API 20 NE (bioM erieux; urease and nitrate reductions). These API tests were performed according to the manufacturer's instructions (alkaline solution was not added). The pH range for growth was tested at the pH range of 6--12 as previously described [10] . The pH values of PYG broth changed from pH 8, 9, 10, 11 and 12 to pH 7.8, 9.3, 9.3, 8.6 and 8.7, respectively, after an incubation period of 6 days. The range for growth of the isolates was pH 8--12. Tests on the hydrolysis of macromolecules, oxidase and catalase were performed using the methods described in Cowan and Steel's Manual [15] and as described by Hirota et al. [10] at pH 10 by using 100 mM NaHCO 3 /Na 2 CO 3 buffer (pH 10). To observe negatively stained cells by transmission electron microscopy (TEM), the cells were grown on PYG agar (containing 1.5 % agar; pH 10) for 2 days. The preparation and observation for TEM were performed as previously described [16] . The colony morphology was observed from the growth on PYG agar for 5 days of incubation at 30
C. The cells were Gramstain-positive, straight rods (0.8--1.2Â2.2--3.8 µm) that were motile via a pair of subpolar flagella (Fig. S1a , available in the online version of this article). Ellipsoidal spores were formed in the central to subterminal positions (Fig. S1b) . Endospores mostly did not cause swollen sporangia, although some swollen sporangia were observed. The temperature range for growth at pH 10 under aerobic conditions was examined using a temperature gradient incubation by using a Bio-Photorecorder (Type TN-2612; Advantec) by monitoring the optical density at 650 nm over a range of 5--50 C (OD 650 ). The temperature ranges for growth of strains Bf-1 T , Bf-2 and Bf-4 were determined to be 15--45, 12--45 and 15--45 C, respectively. The optimum growth temperature range of the three strains was 33--40 C. The requirement and tolerance for Na + was determined at the NaCl concentration range of 0--10 % (0, 3, 5, 7 and 10 %) using a medium containing 2.0 g glucose, 1.0 g peptone (Difco), 0.5 g yeast extract (Difco) and 0-200 g NaCl in 1 l KHCO 3 /K 2 CO 3 buffer (50 mM; pH 10) prepared with deionized water. The isolates were determined to grow over the NaCl concentration range of 0--7 % within the NaCl concentration range of 0--20 % examined. The optimum NaCl concentrations for the growth of strains Bf-1 T , Bf-2 and Bf-4 were determined to be 0, 3 and 3 %, respectively. The physiological and biochemical characteristics are described in Table 1 and the species description. The novel organism can be differentiated from its phylogenetic neighbours of the genus Bacillus based on the characteristics listed in Table 1 . The cells used for the chemotaxonomic analyses and DNA-DNA relatedness of the isolates were harvested in stationary phase after aerobic reciprocal shaking (105 r.p.m.) at 30 C in PYG broth (pH 10). Bacterial DNA was prepared according to the method described by Marmur [17] . The DNA base composition was determined by HPLC as described previously [18] , and it indicated that the DNA G+C contents of strains Bf-1 T , Bf-2 and Bf-4 were 41.7, 42.1 and 41.7 mol%, respectively. The whole-cell fatty acids and isoprenoid quinones were analysed as described previously [19] . The meso-diaminopimelic acid (meso-DAP) in the cell wall was identified by TLC [20] . Polar lipids were analysed by using the methods of Minnikin et al. [21] and Collins and Jones [22] . The major cellular fatty acids (>10 %) of strain Bf-1 T were iso-C 15 : 0 (25.3 %) and iso-C 16 : 0 (20.4 %), and moderate amounts (>5 % but <10 %) of iso-C 14 : 0 no data. The acid production from the substrates was tested under anaerobic condition in this study. Acid production data for strains 4, 5 and 6 were obtained under the same experimental conditions. Data on the morphological and growth temperature characteristics, and DNA G+C content (mol%) for strains 4, 5 and 6 were obtained from Pal et al. [32] , Didari et al. [33] and Kumar et al. [34] . Growth pH data for strain 5 were obtained from Didari et al. [33] . All the strains are positive for acid production from D-ribose, aesculin ferric citrate, turanose and 5-ketogluconate. All the strains are negative for acid production from erythritol, D-galactose, L-rhamnose, dulcitol, inositol, D-mannitol, D-sorbitol, methyl a-D-mannopyranoside, amygdalin, arbutin, salicin, cellobiose, inulin, xylitol, gentiobiose, D-fucose and gluconate. 3 %) , anteiso-C 15 : 0 (7.3 %), iso-C 15 : 1 (6.7 %), iso-C 17 : 0 (7.3 %) and iso-C 17 : 1 (6.0 %) were found (Table S1) . A comparison of fatty acid compositions for strains Bf-1 T , Bf-2 and Bf-4 and the strains representing the phylogenetically related species is presented in Table S1 . Menaquinone-7 (MK-7) was detected by HPLC in the analysis of a corresponding fraction extracted from cells of each of the isolates. The cell walls of these isolates contained meso-DAP. The polar lipids consisted of phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol and two unidentified lipids (Fig. S2) .
The 16S rRNA genes from strains Bf-1 T , Bf-2 and Bf-4 were amplified by PCR using the primers 9F (GAGTTTGATC CTGGCTCAG) and 1541R (AAGGAGGTGATCCAGCC) [23] . The approximately 1.5 kb PCR product was sequenced directly by dideoxynucleotide chain termination method by using a DNA sequencer (ABI PRISM 3100; Applied Biosystems) with a BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystem) in accordance with the manufacturer's instructions. A BLAST search in NCBI was used to identify the nearest phylogenetic relatives of the isolates. To reconstruct the phylogenetic tree, the sequences determined were aligned with the sequences of neighbouring species, and the consensus sequence was determined by using CLUSTAL W [24] . A phylogenetic tree was reconstructed by using the maximum-likelihood [25] , neighbour-joining [26] and minimum-evolution [27] methods in MEGA 6 [28] . The evolutionary distance matrix was calculated by using Kimura's two-parameter model [29] . The similarity between sequences was calculated using the GENETYX computer program. The 16S rRNA gene sequences of strains Bf-1 T , Bf-2 and Bf-4 were determined to have lengths of 1537, 1520 and 1521 bp, respectively. The sequence of strain Bf-1 T was almost identical to the sequences of strains Bf-2 and Bf-4 (99.9 %). Strain Bf-1 T exhibited similarities of 98. T , respectively. A maximum-likelihood phylogenetic tree of the isolates together with their closely related neighbours is shown in Fig. 1 . The three isolates were clearly differentiated from other neighbours in the three types of phylogenetic trees (Figs 1, S3 and S4 ). The divergent lineage may reflect selective pressures placed upon the organism by the environmental conditions encountered resulting in an obligate alkaliphile that cannot grow at a neutral pH; the closest neighbours are neutralophilic or alkali-tolerant bacteria. It is suggested that the isolates evolved in a niche that has been a continuously high alkaline environment, which would eliminate neutralophilic or alkali-tolerant bacteria.
Although the novel strains did not exhibit 16S rRNA gene sequence similarity values of higher than 98.65 %, commonly used for the differentiation of species [30] , DNA-DNA hybridization was, nevertheless, performed with B. maritimus DSM 100413 T , B. persicus DSM 25386 T and B. rigiliprofundi LMG 28275 T , which exhibited greater than 97.7 % 16S rRNA gene sequence similarities and were used as reference strains for DNA-DNA hybridization. The level of DNA-DNA relatedness was determined by using the method by Ezaki et al. [31] . The hybridization photobiotin-labelled DNA probe was hybridized to immobilized DNA in a black microplate at 37. 6 C. T (facultative alkaliphiles) based on 16S rRNA gene sequence similarities (Fig. 1) . Although the novel organism and its close relatives share high sequence similarity values (!97.7 %), DNA-DNA hybridization (<70 % hybridization) clearly demonstrated that the strains represent a novel species. Differences between the isolates and their phylogenetic neighbours were also confirmed by phenotypic characteristics such as spore morphology, pH for growth (the novel isolates are obligate alkaliphiles, whereas the phylogenetic neighbours are facultative alkaliphiles), NaCl requirement for growth (the novel isolates exhibit growth in the NaCl range of 0-7 %, whereas the phylogenetic neighbours cannot grow with !3 % NaCl) and acid production from carbohydrates, and chemotaxonomic characteristics such as the DNA G+C content (mol%) ( Table 1 ) and fatty acid composition (Table S1 ). Therefore, based on these data from the polyphasic taxonomic study, the isolates should be assigned to a novel species of the genus Bacillus, for which the name Bacillus fermenti sp. nov. is proposed.
DESCRIPTION OF BACILLUS FERMENTI SP. NOV.
Bacillus fermenti (fer.men¢ti. L. neut. gen. n. fermenti of a fermentation process).
Cells are straight rods (0.8--1.2Â2.2--3.8 µm). Colonies are circular, slightly convex, creamy-white and 0.5--2.0 mm in diameter with entire margins on PYG agar medium. The type strain is Bf-1 T (=JCM 31807 T =NCIMB 15079 T ), which was isolated from an indigo fermentation liquor used for dyeing. This liquor was produced from sukumo (composted Polygonum indigo leaves) obtained from a craft centre in Date City, Hokkaido, Japan. Additional strains of this species are Bf-2 and Bf-4. The genomic DNA G+C content of the type strain is 41.7 mol% (HPLC).
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